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HISTOCHEMISTRY OF THE ACID MUCOPOLYSACCHARIDES IN
CUTANEOUS CALCIFICATION*
WAINE C. JOHNSON, M.D.,** JAMES H. GRAHAM, M.D.** AND
ELSON B. HELWIG, M.D.***
Several theories have been suggested in recent
years regarding the mechanisms involved in
physiological and pathological tissue calcification,
but none are widely accepted at this time. Certain
evidence indicates that the development of calci-
fication in cartilage differs from that in bone, and
that both of these processes may be unlike
pathological calcinosis. However, the concept of
a matrix substance acting to bind calcium has
received attention from workers studying the
various types of tissue calcification. The purpose
of this paper is to report our observations on the
histochemistry of the acid mucopolysaccharides
which may act as matrix materials in the patho-
genesis of cutaneous calcinosis.
MATERJALS AND METHODS
Formalin-fixed paraffin-embedded tissue sec-
tions from examples of generalized cutaneous
calcinosis (so-called metastatic calcinosis), lo-
calized (dystrophic) calcinosis, basal cell car-
cinoma and adnexal carcinoma with focal areas
of calcification, calcified epidermoid cysts, and
calcinosis occurring in pseudoxanthoma elasticum
were studied. The number of specimens studied
from each type of calcinosis varied from 2 to 6.
The procedures used were performed as out-
lined in the "Manual of Histologic and Special
Staining Technics" (1) except where otherwise
stated. The pH values referred to in this paper
were determined by a Zeromatic Beckman pH
meter. Buffer solutions of pH 1, 2, 3, 4, 6, and 7
obtained from Fisher Scientific Company, were
used to standardize the instrument. The buffer
solution nearest the pH value of the test solution
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was used for the standard. It is recognized that a
pH meter is not entirely accurate at values below
pH 1, but in our experience, the readings on these
solutions have been consistent and reproducible.
In addition to hematoxylin and eosin-stained
sections the following histochemical studies were
performed:
1. Colloidal Iron Technic, With and Without
Bovine Testicular Hyaluronidase Digestion. Modi-
fications of the Hale iron method as described by
Mowry (1) were performed, using a van Gieson
counterstain. The pH of the working solution was
in the range of 1.5 to 1.7 and the pH of the fer-
rocyanide hydrochloric acid (HC1) solution was
1.1. The hyaluronidase (Nutritional Biochemicals)
was prepared immediately before use with 150
U.S.P. units to 1 ml of phosphate buffer solution
at pH 6.8. A circle was drawn about the tissue sec-
tion using a diamond pencil, and the area was
covered with hyaluronidase solution and placed
in a covered dish lined with moistened filter paper
for digestion for 1 hour at 37° C. Controls for
hyaluronidase activity were processed as above
using only the buffer solution. Since iron com-
pounds in the tissue may produce a false positive
colloidal iron reaction, a ferrocyanide-HC1 re-
action was used to detect the presence of any iron.
2. Colloidal Iron Stain With Ribonuclease Di-
gestion. Digestion was carried out for 2 hours at
37° C using a 0.1% solution of ribonuclease buf-
fered at pH 6.8. The digested sections and controls
were then processed using the colloidal iron
method.
3. Hydrochloric Acid and Potassium Ferrocya-
nide Method for Iron With a Nuclear Fast Red
Counterstain.
4. Alcian BlueS GS Stain at pH 2.5 and 0.4 With
a Nuclear Fast Red Counterstain. Phosphate-HCI
solutions were prepared at pH values of approxi-
mately 2.5 and 0.4, and these were used for treat-
ment of the tissue sections prior to staining, for
staining with 1% alcian blue, and for the first
rinse. The usual method using 1% alcian blue in
3% acetic acid (pH 2.5 to 3.0) was also performed.
A 0.5 normal HCI and 0.1 molar sodium monobasic
phosphate solution gave a pH reading of 0.4. It is
recognized that such a pH reading may not rep-
resent an absolute value, but for the purposes of
this report the stain prepared from it will be re-
ferred to as alcian blue pH 0.4. This solution can
be prepared by using 42 ml of concentrated HCI
and 13.8 grams of sodium monobasic phosphate
(F.W. 138), made up to 1 liter with distilled water.
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A 0.03 normal HC1 and 0.1 molar phosphate buffer
solution gave a pH reading of 2.5. This solution
can be prepared by using 30 ml of 1 normal HC1
and 13.8 grams of sodium monobasic phosphate
made up to 1 liter with distilled water. The ac-
curacy of measurement of solutions and reagents
as well as the pH of the distilled water used may
give rise to a minor variation in the pH of the final
solutions. Results of the routine alcian blue
technic (3% acetic acid at pH 2.5 to 3.0) were es-
sentially the same as that obtained with the phos-
phate-HC1 stain at pH 2.5 and are reported to-
gether as alcian blue pH 2.5 in Table I. An attempt
was made to evaluate the possibility of acid
groups other than the acid mucopolysaceharides
such as phosphate groups or the carboxyl groups
of citric acid playing a role in producing a false
positive alcian blue reaction. Spot tests with
calcium monobasic and dibasic phosphate, and
citric acid were performed and the alcian blue
stain did not show affinity for them.
5. Periodic Ae.id-Schiff (PAS) Reaction With
and Without Diastase Digestion With a Picric Acid
Gounterstain. Diastase digestion was used for
removal of glycogen. The pH of the 0.5% periodic
acid and that of the Schiff's solution were both
approximately 2.0.
6. Aldehyde-Fuchsin Stain at pH 1.7 and 1.0
With a Metanil Yellow Counterstain. The method
of Gomori (1) was followed and the pH of the
prepared working solution was approximately 1.7.
In addition, a working solution of approximately
pH 1.0 was prepared by adding concentrated HCI,
and the 80% alcoholic rinse used with the stain
was also adjusted to approximately pH 1.0.
7. 'I'oluidine Blue for Metachromasia at pH 3.0
and pH 1.5. Buffer solutions of the same pH as
the stains were used for rinsing. Since meta-
chromasia may be lost in dehydration, wet sec-
tions were examined immediately, then air-dried
and mounted in Permount. A 0.01 normal HC1
and 0.1 molar sodium monobasic phosphate solu-
tion gave a pH reading of 1.5. This solution can
be prepared by using 100 ml of 1 normal HC1 and
13.8 grams of sodium monobasic phosphate made
up to 1 liter with distilled water. Ten ml of 1
normal HCI and 13.8 grams of sodium monobasic
phosphate made up to 1 liter with distilled water
gave a pH reading of 3.0.
8. Danielli's Diazo Reaction for Amino Acids.
The method as described by Lillie (2) using H
acid was followed.
9. Alizarin Red Stain for Calcium. The tech-
nic of McGee-Russell was used (3).
10. Von Kossa Stain for Salts of Calcium.
RESULTS AND INTERPRETATION
The results of the histochemical procedures for
acid mucopolysaccharides are summarized in
Table I. The basis for our interpretation of
these methods have been published (4, 5) and
only the interpretation will be given.
FIG. 1. Basal cell carcinoma. Colloidal iron reaction with hyaluronidase digestion. The colloidal iron
reaction is strongly positive at calcified foci and the reactive material is not removed by hyaluronidase
digestion. X 425.
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Colloidal Iron Technic, With and Without
Hyaluronidase Digestion. Acid mucopolysac-
charides produce a blue to green color and nucleic
acids sometimes produce a similar but less
intense reactioa. In paraffin-embedded tissue
sections other acid substances do not remain in
quantities sufficient to produce a color reaction.
Bovine testicular hyaluronidase digestion for 1
hour at 37°C will usually remove most of the
hyaluronic acid, but does not digest ehondroitin
sulfate B. In our experience (4), digestion as
carried out in this study does not remove sig-
nificant amounts of chondroitin sulfates A and
C from tissue sections.
The colloidal iron reaction was strongly posi-
tive in all of the types of calcification studied.
In large discrete areas of calcinosis, the pe-
ripheral zone (presumably active sites) gave a
more intense color. In basal cell carcinoma and
adnexal carcinoma none of the reactive material
was removed by hyaluronidase (Fig. 1) and we
interpret these results to indicate that the calci-
fication is associated with acid mucopolysac-
charides other than hyaluronic reid. In all
other types of calcinosis studied, a variable
amount, but never all, of the reactive material
was removed by hyaluronidase digestion (Figs. 2
& 3). The hyaluronidase-labile material was
interpreted as hyaluronic acid. The failure of
hyaluronidase to completely remove the col-
loidal iron positive material may be due to the
presence of other acid mucopolysaceharides,
other acid substances with affinity for colloidal
iron, or to chemical binding or physical blocking
by calcium of the usual enzyme-susceptible
groups of hyaluronic acid.
Colloidal Iron Technic With Ribonuclease
Digestion. Most ribonucleic acid is removed with
ribonuclease digestion, whereas if present, the
acid mucopolysaccharides remain and give a
positive result. The failure of ribonuclease
digestion to reduce colloidal iron reactivity at
sites of calcification tends to rule out nucleic
acids as being responsible for such reactivity.
Hydrochloric Acid and Potassium Ferrocyanide
Method for Iron. Ferric iron gives a blue color
(Prussian blue reaction). A positive iron reaction
was seen in 2 examples of calcification occurring
in basal cell carcinoma but there was additional
colloidal iron reactive material in the involved
area.
Alcian Blue Stain at pH 2.5 and 0.4. A positive
reaction is due to the presence of acid groups.
At pH 2.5, most acid mucopolysaceharides give
a blue color and nucleic acids may produce a
less intense color reaction. At pH 0.4 only strongly
acid substances such as the sulfated acid muco-
polysaccharides will give a positive reaction. In
general, this method is not as sensitive as the
colloidal iron technic. We interpret a positive
reaction at pH 2.5 and 0.4 as seen in calcified
sites of basal cell carcinoma and adnexal carci-
noma to indicate the presence of a sulfated acid
mueopolysaecharide. We have reported (6) the
presence of sulfated acid mucopolysaceharides,
presumably a chondroitin sulfate, in certain
types of basal cell carcinomas. The other varieties
of ealcinosis showed a positive reaction at pH
2.5 (Fig. 4) and a negative reaction at 0.4 (Fig.
5). These results indicate the presence of non-
sulfated acid mucopolysaceharides which could
be hyaluronie acid, sialomucin, or other non-
sulfated acid complexes individually or in combi-
nation.
Periodic Acid-Schiff Reaction With and WithL
out Diastase Digestion. Diastase-labile material
was interpreted as glycogen. Glycogen, neutral
mucopolysaccharides, acid mucopolysaceharide
complexes of the sialomucin type, and a few other
substances will give a positive PAS reaction.
Hyaluronic acid does not react selectively.
Cartilage and mast cell granules are PAS-
positive and diastase-resistant, but whether this
positive material is chondroitin sulfate protein-
complexes and heparin protein-complexes or
other substances is not completely settled. All
calcified sites showed a moderate to strong
positive PAS reaction and this reactivity was
diastase-resistant (Fig. 6), On the basis of this
reaction alone, the PAS-reactive material could
be any one or a combination of the potentially
reactive substances listed above except glycogen.
Aldehyde-Fuchsin Stain at pH 1.7 and 1.0. At
pH 1.7 elastic fibers, sulfated acid mucopoly-
saccharides, most acid mueopolysaeeharide
protein-complexes of glandular epithelial origin,
and certain other substances give a positive
reaction. Hyaluronic acid does not react or gives
only a faint reaction. In our experience, all
mucins except the sulfated acid mucopoly-
saccharides are aldehyde-fuchsin negative at
pH values of 1.0 and below. We interpret the
aldehyde-fuchsin positive material demostrated
at pH 1.7 (Fig. 7) and 1.0 as seen in calcified
foci in basal cell carcinoma and adnexa carcinoma
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Fin. 2. Generalized cutaneous calcinosis. Colloidal iron reaction. The reaction is strongly positive at
sites of calcium deposition. X 185.
Fin. 3. Generalized cutaneous ealcinosis. Colloidal iron reaction with hyaluronidase digestion. Most
of the reactive material has been removed by hyaluronidase digestion. X 185.
to represent a sulfated acid mucopolysaceharide. of sulfated acid mucopolysaccharides at these
The negative to faint reaction at pH 1.7, and sites.
negative reaction at pH 1.0 in the other types of Toluidine Blue for Metachromasia at pH 3.0 and
calcinosis are interpreted to indicate the absence pH 1.5. The production of metachromasia is
'4%
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Fin. 4. Localized cutaneous calcinosis. Alcian blue stain at pH 2.5. The calcified areas show a strongly
positive reaction. X 108.
Fin. 5. Localized cutaneous calcinosis. Alcian blue stain at pH 0.4. The calcified areas show a negative
reaction. X 108.
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dependent upon the presence of acid groups. At
pH 3 and above, acid mucopolysaccharidcs,
nucleic acids, and other acids if present in suffi-
cient quantity will give a positive reaction.
Below pH 2.0 only strongly acid co moounds,
which seem to he limited in tissue gections to
su]fated acid mucopolysaccharides will give a
positive reaction. This method is luss sensitive
__
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FIG. 6. Localized cutaneous calcinosis. PAS reaction with diastase digestion. The calcified areas are
strongly PAS-positive and diastase-resistant. X 108.
Fin. 7. Adnexal carcinoma. Aldehyde-fuchsin stain at pH 1.7. The foci of calcification show a strongly
positive reaction. )< 425.
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Fia. 8. Pseudoxanthoma elasticum. Alizarin red stain for calcium. The abnormal elastic fibers are
impregnated and/or coated with calcium. X 50.
than most of the other methods for demon-
stration of acid groups. The positive reactions
at pH 3.0 and 1.5 indicate the presence of sul-
fated acid mucopolysaceharides at sites of calci-
fication in basal cell carcinoma and adnexal
carcinoma, The negative result at pH 1.5 and a
weak to moderate positive reaction at pH 3.0
in other types of calcinosis indicates the presence
of non-sulfated acid mucopolysaccharidcs.
Danielli's Diazo Reaction for Amino Acids.
The method tests for the presence of protein and
a positive reaction can be produced by the
amino acids histidine, tryptophan, tyrosine,
and the purines and pyrimidines of nucleic acids
(2). A moderately positive reaction at all sites of
calcification indicates the presence of protein
and raises the possibility of the acid mucopoly-
saccharide being present as complexes with pro-
tein.
Alizarin Red Stain for Calcium. This stain is
essentially specific for calcium (3) and was used
as a method to identify sites of calcification
(Fig. 8).
Von Kossa Stain for Salts of Calcium. This
method is based on reduction of silver nitrate by
anion salts which may be carbonate, phosphate,
oxalate, sulfate, chloride, or sulfocyanide. For
practical purposes, the only insoluble salt re-
maining is usually calcium, but urates and uric
acid may be present and react (3). This method
was used for identifying sites of insoluble salts of
calcium.
Correlation of the results of the various histo-
chemical procedures indicate that calcification
in basal cell carcinoma and adnexal carcinoma is
associated with a sulfated acid mucopolysac-
charide and that this substance may be in the
form of a mucopolysaccharide-protcin complex.
In the other types of cutaneous calcinosis studied,
the deposits were associated with a non sulfated
acid mucopolysaccharide which contained hyal-
uronic acid, in part, and possibly additional
acid mucopolysaccharidc-protein complexes.
COMMENT
Calcium deposits in human tissues occur
predominantly in the form of hydroxyapatite
and an apatite type of structure has been demon-
strated in cutaneous calcinosis (7). Hydroxyl-
apatite is a mineral of poorly developed crystals
containing predominantly calcium ions, phos-
phate groups, and hydroxyl groups and probably
forms by hydrolysis of precipitated calcium
phosphate (8). Neuman and Neuman (8), in a
—
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review of calcification in bone, point out the
important concept of crystal seeding, and the
fact that normal serum is supersaturated to
calcium with regards to crystal growth but that
even when there is pathological elevation of
serum calcium, it rarely if ever reaches the level
required for precipitation or new crystal forma-
tion. They point out the limitations of Robinson's
initial theory that phosphatase is all important
in locally liberating phosphate ions from ester
phosphates in concentrations high enough to
cause precipitation of calcium phosphate and
suggest other possible explanations for the
presence of alkaline phosphatase. Because of
these and other facts, the importance of matrix
substances such as the acid mucopolysaecharide-
complexes to act as a template or binding sub-
stance for initial crystal formation in physio-
logical as well as pathological calcification has
recently received considerable attention. How-
ever, as early as 1912, Verse (9) called attention
to changes in the intercellular substance of
connective tissue in patients with generalized
ealeinosis. Levine et al. (10) in 1949 demonstrated
the presence of mueopolysaccharides in calcinosis
universalis and discussed their possible impor-
tance. On the basis of increased mucoprotein
found in rats after administration of parathyroid
extract, Engel, in 1952, suggested that para-
thyroid extract may effect calcium metabolism
by mobilization of mucoprotein (11). Baker
et at. (12), in 1954, demonstrated that calcifica-
tion in rat kidneys induced by parathormone
occurred first in ground tissue matrix. Selye
et at. (13) observed that in rats treated with
dihydrotachysterol, discharged mast cell granules
calcified initially and then the surrounding tissue.
We (4, 14) have recorded preliminary observa-
tions of positive reactions for acid mucopoly-
saccharides at sites of cutaneous caleinosis in man.
Studies of pathological calcification in other
organ systems in humans have implicated the
acid mueopolysaccharides. Zimmerman (15) has
reported the association of acid mucopoly-
saccharide in calcification of ocular tissues and
suggested that it is possible the mueoid material
may occur first and serve as a mineral-binding
exchange resin leading to calcification. Recently
Sams et at. (16) reported histoehemical evidence
of acid mucopolysaceharides associated with
calcification in pseudoxanthoma elasticum. The
results of investigation in other organ systems
in humans, experimental ealeinosis in animals,
and our observations show a constant association
between tissue calcification and acid mucopoly-
saccharides. However, it is known that hyaluronic
acid and/or other acid mueopolysaeeharides may
be increased in response to various non-specific
insults. This raises the question that these
accumulations of acid mucopolysaceharides may
occur secondary to tissue ealcinosis. Current
studies of experimental cutaneous caleinosis in
rats are in progress to further evaluate this
problem. Factors other than the presence of acid
mucopolysaeeharides are obviously of importance
in the development of ealcinosis, however we
believe the acid mucopolysaecharides play an
intermediate role by the binding of calcium or
by the initial binding of iron and its replacement
by calcium.
SUMMARY
A variety of histochemical procedures for the
demonstration of acid mueopolysaeeharides were
performed on conditions with cutaneous calcium
deposition. Calcified sites in basal cell carcinoma
and adnexal carcinoma were associated with a
sulfated acid mueopolysaeeharide. In metastatie
and dystrophic calcinosis cutis, epidermoid cysts,
and pseudoxanthoma elasticum the calcium
deposits were associated with a non-sulfated acid
mucopolysaecharide which contained hyaluronie
acid, in part, and probably other acid mucopoly-
saccharides. The acid mueopolysaceharides at
all sites may form a protein complex. Our obser-
vations suggest that elaboration of acid mueo-
polysaceharides play an intermediate role in the
pathogenesis of calcification by its ability to
bind calcium or by the initial binding of iron and
its replacement by calcium.
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The aims of the International League of Dermatological Societies are:
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to represent dermatological interests in other international organizations,
to hold international congresses of dermatology.
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1. The Assembly of National Delegates
The delegates are nominated by the National Societies of the different coun-
tries.
